




season and that would be requred for onl 0 of the enera¬ted volume. Thckened 
or vacuum fltered sludge would be stored forlonger tme perods and appled 

approxmatey two tmes per year In and fal. Storage of 0 of the voume was 
then requred. The basts forthese costs are Fgures 27 and 28. Dstrbuton 

costs were assumedto be a percentage of the transportaton costs asocated 
wth a site. Forhau dstances of 3.2km (20ml) or less, dstributon costs were 

estmatedto be 25 of the transportaton costs and for haul distances of 33- 
km the dstrbuton costs were estimated to be 12.5 of the transpor¬taton 

costs.Land requrements were calculated based on 18.9 metric (8.5 tonacre/year) 
as 

established 

n Section VII. These were adusted to ncludeborders, buffer zones, 
roads, etc. usng a multpier of 1 for acreae lessthan or equal to 05a (1000 

acres) or 1.1 for arger and requrements. Theland costs were based on the 
assumpton that the purchase value- of the andIs equvalent to Its alvage value 

and the cost was equa to theannual interest on the purchase price (5 7/8%). 
The purchase prce of landwas estmated to be $3706/a 0). The land 

preparaton costsincluded clearng, levelng and ste preparaton. These costs were 
estmatedfrom 29.Once al capta and costs were estmated based on the varous 

costcurves etc., then these were amorted to establsh total annual costfor 
the system. 

The 
amortzation was based on 5 7/8 Interest and a 20 arlfe for al systems.IMPACT 
OF SLUDGES PRODUCD BY TREATMENT ON FOUR EXAMPLE CITIESThe potential 

economc impact of treatment and handling of CSO treatmentresduals Is 
consdered 

n ths subsection 

wth respect to four exampectes. Four actual ctes have been chosen 

to illustrate different CSOtreatment and dfferent sze systems. The ctes 
whch have beenevaluated are Mwaukee, Wisconsin San Francsco, Calforna; 
Wsconsin; and New Provdence, New Jerse.Extensve analyss nvolvng the 

varous CSO sludge handng alternatvehas been performed for the Milwaukee 
ste. The evaluaton includes poten¬tal costs for bleed/pump-back, treatment 

at parallel sludge handling fac¬lties, 

and satellte treatment usng several different treatment trains.t Is apparent 
from these analses and previous dscusson, that although may be most 

inexpensive, It kely to be most mpractcal.Treatment at parallel facltes at 

the dryweather plant expensive ifhandled n 120 days and ma be Impossble 

due to space lmtations. There¬fore further valuaton of the potental Impact 
of CSO sludes In otherctes was lmted to satellte treatment conideratons.The 

Indvdual evauaton was then divded Into several steps. The frststep 
Invoved 

estmaton of the extent of the CSO problem based on precp¬taton data, 
area of the cty served by combned sewers, the potental pro"5 
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cess used for treatment and the charactrstcs of the sludges producedby the 

CSO treatment process.The 

second 
step wll be to present Informaton on each ctys dry-weathersludge 

handling faclites includn capacties, amount of solds presentlybeng handled and 
an excess handlng capacty presentl available.Once the necessary 

Information 
has been deveoped, the fna step wl beto assess the Impact of the 

CSO generated solids on the cty's presentludge handlng and dsposal 
system. The Impact wll be evaluated on botha phscal and economc bass Rough 

estmates of what the captal costswll be for constructng new sludge handlng 
faclites at the ste of CSOtreatment have been developed and are presented 
In the followng dscusson.CSO SLUGE HANDLING IN MILWAUKEE, WISCONSINEvaluaton 

of the varous methods of handlng CSO 
sludes 

In Mlwaukee, Ws¬consin was completed In depth to Illustrate the effect of 
bleed/pump-back ofCSO sludge and sludge handlng at parallel sludge facltes 

and on-stesatelte treatment. In Mlwaukee the dry-weather treatment pant 
s pre¬sently at capacty wth respect to Its sludge handling facites. This 

Isa comon stuaton for plant servng combned sewer areas snce often thetreatment 
plant has reachd design capacty and sometmes exceeded It, dueto age. 

Therefore the example provded by Milwaukee Is somewhat typcal ofcondtons 
at 

treatment plants servn combned seered areas. Mlwaukee the entre dranage 
area Is 25,10 ha (62,000 acres). Ofths total. 7006 ha (17,300 

acres) or 28 percent are served by combinedsewers. The average annual 
prcptaton for the city s 74.7 cm (29.4 in).f It is assumd that 50 percent 

of ths ranfall accounts for comnd seweroverflow the annual volume of CSO 
for the cty of Milwaukee s 26 millon (6.910 Presently In Mlwaukee there Is a 
CSO storage tank demonstraton facilty.Ths storage tank Is equpped wth mxers 

so that when 

the contents are to the dry-weather treatment plant, It is smlar to theraw 
CSO. However, when the storage tank has Its capacty exceeded themxers 

are not operated and the tank functons smlar to a sedmentatonbasn. The 
impact of CSO sludges on the cty of Mlwaukee wll be based onthe assumpton 

that complete CSO treatment Is acheved by storng the 26millon cu (6.910 
In storage tanks located In four parts of th The supernatant from the 

tanks will be contnuously to thedry-weather treatment plant After of the 
supernatant aresdual settled sludge wl remain to be handled and dsposed 

of.Based on bench scale settlng tests (12), It has been found that th 
sed¬mentaton 

process wll produce a sludge volume equal to 0.9 percent of theCSO 
volume stored. The resultant sludge wl have an average total 

oldsconcentraton 
of about 1.7 percent. The sludge characterstcs were gvenIn 

Table 4.55 



Based on the reported data, Miwaukee can expect an annual volume of26 
million m (6,910 Of this tota 25,9 x 10 (6.8x10 wouldbe bled back to the 

dry-weather plant as supernatant and 2.3 x 10 cu m(62 MG) would remain 
as residual sludge at concentration of 1.7 percent.The average raw CSO 

concentraton of suspended soids at the Milwaukee CSOstorage facility is 192 
Storage of al the CSO would mean storage of5.0 0 kg (11.0 of CSO 

solids. The residual sludge volume of2.3 x 0 cu m (62 MG) would represent 
x 10° kg (8.8 10 Ibs) of thesolids The remainng 1.0 x 0° kg (2.2 x 0° bs) 

of solds would be bedback to the dry-weather treatment plant with the 25.9 
x 0° cu m (6.8 x 10MG) of supernatant. Ths means a supernatant suspended 

solids concentrationof mg/1The metropolitan Milwaukee area is served by two 
sewage 

treatment 
pants, theJones Island Plant and the South Shore Plant. The Jones 

Island 
Plant is themajor plant and serves almost al of the citys combined sewer 

areas and,therefore, wll be the subject of analysis. The treatment 
conssts 

of pri¬mary screening followed by the conventional activated sludge 
process, and Plant data indicates that the facility has an average dalyflow 

of 6.5 x 0 cu (1.7 x 0 with an average suspended solidsconcentration 
of 

236 mg/1. This results in 1.5 x 0 kg/day (3. lbday of sol ds. The prar 

sudge is incinerated. The waste actvated sludge Is gravitythckened, vacuum 

filtered, and 

then 
processed into commercial fertlizer.The sludge handling capacity at 

the plant is 99 metric tons/day (220 tonsday), and the facilities run near 
capacity at all times.The use of storage/settling faclities for complete CSO 

abatement will havetwo impacts on the dry-weather 
plant. 

First there may be an Impact due tobleed/pump-back of the supernatant 
and, 

second, there may be a much greaterImpact from the resdual sludes if 
they 

are For complete CSO abatement, the supernatant represents 25.9 0 cu 
m(6.8 x 10 MG) and 1.0 x 10" kg (2.2 x 0 Ibs) of wet weather 

solids. 
On anannual basis, the supernatant volume represents hydrauic 

loadng increaseof 11 percent to the dry-weather plant. The additional solids 
loading to thedry-weather plant represents an Increase of only 2 percent. 

The design capa¬city of the Jones Island Plant is 757000 cu m/day (200 MGD) 
and it is pre¬sently operating at 6.5 x cu m/day (1.7 x 10 MGD) or 86 percent 

ofcapacity. Therefore It should be able to handle the Increased flws due 
tobleed/pump-back of the from the storage facilties. Thsassumes a 

constant yearly bleed/pump-back of 7.1 0 cu m/day (9 MGD)from the fad 
1Although 

the solids handlng faclites at the dry-weather plant are 
operat¬ing 

near capacity, the slight solds loading increase of percent due 
tothe supernatants 

should 
be manageable without the need for expansion of thefacilities. Therefore, 

the impact of the supernatants on the dry-weathertreatment pant wll 
probably be mnmal.56 



The of the settled sludge, on the othr hand, does no appearto be feasible. 
The 0 0 (8.8 x 0 of sludge solids representa 7 percent ncrease in solds 

loadin to the dryweather plant* Sncethee sods woud be fed along wth the 
supernatant the total solds oad¬n wll be Increased b 9 percent. Snce the 

sods 
handlng facltes arenow near capacity, a 9 percent solds Increase would 

probably re" constructon of new facltes.n addton to the 9 percent solids 
loadng 

Increase other consderatonssee to 

rule out bleed/pump-back as a means of handln the eneratedsolds. One 
factor 

to be consdered I that lwaukees wast actvatedludge Is converted to a 
commercal fertlzer. Thu, even If the soldshandng facltes are adequate 

for th Increased olids loadng, theeffect of these solds on the fertlizer 
beng produced may be a snfcantproblem. The volatle solds percentage of 

the CSO sludge Is 8. percentwhch is ver low when compared to waste actvated 
sludges. Ths castsdoubt on the qualty of the CSO solids as fertlzer 

materal.The second consideration also reates to the ow volatile content 
of theCSO sludge. As stated prevously, the primary sludge at the 

Jones IslandPlant Is Incnerated. The Incluson of the ow voate CSO solds 
In thedry weather sludge could greatly reduce the effcency of the 

ncneratonprocess and a sgnfcant amount of auxlary heat may be requred for 
combustion due to th presence of CSO solds.A fnal consderaton I the logstcs of 

bleed/pump-back tself whch aybe diffcult to effectvely accomplsh. The 
potental 

accumulaton of grtand In the sewers 

could be a problem wthout suffcent carryingvelocty from dry-weather 
flow.However. 

If It Is assumed that the CSO sludge can be to thetreatment plant 
without probems and that the plant operation wll not beadversely affected 

by the sludge, then a 
prelimnary 

cost estmate for thsapproach can be made. Thre are two potental technques 
to consder. OneInvolves holdng the sludge and pumpng It back over the 

entre year (35days) and the other Involves approxmately 8 hour storage or a 

120 day bleedpup-back period. The dfference has a sgnfcant effect upon the 
se ofthe addtonal facltes requred at the plant.Wth the addtion of the 

South Shore Treatment Plant lwaukee the hy¬draulc loadng on the Jones Iland 
faclty has been decreased. However,the sludge handlng facltes are operatng 

at 
maximum capacty. Thereforebleed/pump-back of 

the 
sludge wll requre that the sludge handlng systemIncudng Incnerators, 

vacuum flters, sludge dryers and baggng be Increased In sze to handle the 
excess oadng. The opera¬tng costs at the pant wll also be greater.Assumng 

that the sludge Is handled through the treatment plant the soldswill increase 
from 3.6 to 11.4 metric tons/day (4 to 12.6 tons/day). This ad¬ditional 

loadng will require a significant increase n sldge handling facili¬ties. 
According to ost prepared from various sources 

(72, 73),57 



the captal and costs for are included n Table 41 forether 365 or 120 
day bleed/pumpback perod. As can be seen, cost willrane from approxmately 
$1.26 m IIon-$l.56 mllion annually for sludge treatment usng 

bleed/pump-back.Table 41 COSTS FOR Pump-back Tme 

20 day 365 dayCaptal Costs:Storage Tanks $ 

520,000ncinerator 117,000Pumps 

1.360.000Sludge 

Handlng Equp. 
7,082,00015 

Contngency 
,362,000Total 

Capital 
Cost 0,441,000Amortzed Captal 

Cost 885.000Annual 

Operaton 
&Mantenance Cost 

677,000Tota 
Annua Cost 

,562.000$1.692301.3603.376968.000.000.000.000,0007.27.000629,000635,0001.264.000Another 

approach, 

gvn 

that 

bleed/pump-back 

Is not 

feasible 

due to 

thedfficulty 

In transport through ppelnes, Is to haul the sludge to paralelfacltes 
at the dryweather treatment plant Itself. Ths procedure wouldInvolve truckng 

of the dlute sludge to the treatment plant and placng Itdrectly into 
the sludge handling facltes. It Is assumed, at thsplant, that the addtonal 
load wll not adversely affect the operaton but It wl requre addtional 

solds handlng equpment. Twoapproaches are utlzed as before. One nvolves 
storage and haulng overthe complete 365 days and the second Involves 

haulng over 120 day perod.The costs for these procedurs are presented In 
Table 42. It Is apparentthat due to the transportation costs, that ths opton 

is more costly forboth time perods than bleed/pump-back.The thrd system 
whch can be valuated involves handlng the CSO sludges atthe sites of the 
CSO storage/settlng facltes. The CSO 

facltes wllgenerate 234,670 (62 of sludge at 1.7 percent solds annually. 
Thefrst step n handlng the sludge on ste should be lme addton to rasethe 

above 12. Ths should destroy any pathogens present In the sludge andprevent 
odor problems from developing at the stes. After this the sludgecan be 

gravity thickened and then possbly Vacuum fltrationshould be used because of 
the large amounts of lme In the sludge. For anumber of CSO storage/settlng 

faclties located throughout the cty It maybe more economcally 
advantageous 

to have a moble unt that could move from158 



ste to ste rather than vacuum ftration facilites locted at each indi¬vidual 
ste. However, for ths evaluaton it has been assumed that thesludge has 
been handled at four tes the cty wth each ste process¬ng an equal voume of 

slude.Table 2 COSTS OF 

TREATMENTAT 

PARALLEL DRY-WEATHER 

FACILTIES-MLAUKEE Perod 120 day 365 dayCaptal 

Costs:Storage $ 520,000 

$1.692000Pumpng 

1,60000 
30,000 Handling Equip. 

7,082,000 3,376,0005 Contngency 
.344.000 964,000Tota Captal Cost 0,306.000 

7,392,000Amortzed Captal 
Cost 

873,000 626,000Annual Operaton 
£Mantenance 

Cost 977,000 935,000Total Annual 

Cost $,850,000 
$,56,000ased on the information 

avalable on sludge enerated In Mlwaukee 

andthe four treatment schemes developed cost estimates for satellitetreatment 
In Mlwaukee were developed. The bass of costs and figures pre¬ented earler 

In ths chapter were utlied and the results are presented inTable 43. It 

can be seen that hauling the stablized onl sludg to a landapplicaton ste 
(Alternate 4, Table 43) Is extremely expensve due to thetransportation costs. 

These costs ndicate that Alternatve 3 or lme sta¬blzaton followed by grvty 
thckenng and land applcation may be themost cost effectve approach in 

Milwaukee. Hgh costs of vacuum filtrationat several sites Indicate that use 

of this technque is not costeffectv.A comparson of the annua costs for 
all three approaches to handlng CSO s presented below:Method - 120 days - 

$1,561,000365 

days - $1,264,000Method 2 - Treatment at Parallel ry-Weather Facltes120 
da $1.850.000365 days - 

$1.561,00059 







Method 3 - Satellte Treatment (120 
days)Alternative 

1,924,000Alternatve 
2 - 

1,733,000Alternative 
3 - 

1,496,000Alternative 
4 - 2,528,000 

can 
be seen tha he cost of bleed/pump-back s ess than other alternatves 

when 
consdered over 365 days, but It begns to exceed otheralternatives 

when a shorter perod is establihed.Treatment at paralel dry-weather 
facltes does not offer signifcant ad¬vantages over satellte treatment and 

when coupled wth potenta interferenceIn plant operaton and space lmtatons at 
Jones Island, ths method becomesless vable. Fnally, the various alternatives 
chosen for satellte treatmentcould be utlized wthout operatng problems 

associated 
wth bleed/pump-backor parallel facltes. The costs are smlar to other 

alternatves presented,Therefore the most cost effectve nd least problematc 
approach a ths tmeseems to be satellte treatment usng me stablzaton, storage, 

gravtythckenn and land applcaton. SLUDGE HANDLING IN SAN FRANCSCO, CALFORNIAn 
San Francsco, the entre dranage 

area of 12,150 ha (30,000 ares) Isserved by a 

combned sewer system. The average annual precptaton for thearea 47.5 cm 

(18.7 n) and typcally occurs on a monthly bass as shownIn 30, t can be seen 
that very lttle precptaton occurs durngthe summer months whle the majorty 

of the precptaton occurs from Novemberthrough Aprl. If It Is assumed 
that 

50 percent of ths rainfall producescombned sewer overflow, the annual volume 
of CSO for the cty of San Fran¬csco s 28.8 mlon (7.620 MG).Presently 

a dissolved ar flotaton CSO treatment demonstraton unt Is lo¬cated in San 
Francsco* It has been reported that ths 

unit wll producea sludge volume equal to 0.6 percent of the CSO volume 
treated. The result¬ant wll have an average total solds content of approxmately 

2.2percent. Other pertinent sludge characteristcs are presented Table 
5.Snce this unit Is workng tn San Francsco and data is avalable It wllbe 

assumed for this evaluation that all CSO Is treated usng the ar flotaton 
process. The sludge ata Indcates hat San Francsco canexpect an annual CSO 

sludge volume of .7x0 cu m (46 MG) at 2.2 percentsolds or 3910 kg (8.60 
of 

wet weather produced solds thatmust be handled and dsposed of. The 
metropolitan San Francisco area Isserved by three separate prmary sewage 
treatment plants wth a total de¬sgn capacty of 1,135,500 (300 The three 

treatment stesproduce approxmately 5.0x0 cu m/day (1.3 MGD) of sludge 
at 1 percentsolds. Ths results in 54.480 kg/day (120,000 of solds to 

behandled. The sludge Is gravity thckened, digested, and vacuumfltered to 
a solds concentration of about 28 percent before beng dsposedof a 

landfill 
or used as a sol condtoner. The present solds handlngfacltes In San 

Francsco are operatng at capacity (12).162 
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complete treatment acheved the city, the yearly volume of sude will 
represent a hydraulic increae of 9.6 percent over the dry-weather volume 

presently being handled and an 18.8 percent increaseon a dry solds bass. 
The percentaes calcuated, however, are based on aconstant yearly flow of 

CSO 
sludge to the sludge handlng faciltes SnceCSO events are n nature and wll 
occur wth greater frequencydurng certan tmes of the year, t would be 

mpossble 
to space the flowof CSO sludge to the handlng faclites over the entre 

year unless storagefacilites are employed. Therefore, the Impact of the CSO 
sludges has alsobeen calculated based on the followng assumptions: no 

storage 
In the system,a 72 hour period of CSO sludge bleed-back to the handlng 

facltes, andranfalls of 1.3 and 0.5 cm (0.5 and 0.2 In) over the CSO 
area.The 

1.3 cm (0.5 In) ranfall over the CSO area wll produce 4.6x10 

(1.2 of CSO sludge and kg (2.3 o of CSO solds.Bleedn the resdue 

Into the sludge handlng facilties over three days re¬sults In addtonal 
flows of 1.5xo3 cu (4.1x0 and 3.5X10 kgday (7.6x0 These flows represent a 

31 
percent Increase the hydraulc loading and a 61 percent Increase in the 

solds loadng. Thus, theimpact of the CSO sluds has increased The 0.5 cm (0.2 
in)ranfall over the CSO area wll result in a 12 percent Increase n the 

hydraulic loading, and a 24 percent Increase n the solds oadng over thethree 
day bleed-back period*Based on the prceeding calculatons It appears that 

the frst consdera¬ton In deveopng a method of handlng the CSO sudge 
problem 

wll be toreduce the 
impacts 

caused by the sporadc flows of the CSO Itself. Thscould be acheved by 
storage of the CSO In conjuncton wth the CSO treat¬ment faclty. Base on 

the yearly rainfall of 7.5 cm (18.7 in), San Francisco can expect a yearly 
CSO volume of 28,840.000 cu (7,620 MG) Yearround operation of CSO 

treatment faclity would require a treatment plantcapacty of 79.85 cu m/day 
(21 The storage facilty capacty based on the monthly ranfall variations(Figure 

30) is calculated on the next page. These calculations indcate amaximum 
storage capacity of 11.4 x 0 cu m 

(3.0 x 0 MG) required for thesystem at the end of March. value should 
then be Increased to protectagainst the yearly fluctuations in rainfall 

amounts.This volume, of course would be for one storage faclty servng the 
entrecity. Numerous storage facilites could be located throughout the cty 
andthey could then feed a number of small CSO 

treatment 

facltes or one79 x 103 cu m/day (21 MGD) central CSO treatment plant.The 
treatment of 79x10 cu m/day (21 MGD) of CSO using the flotaton process would 

result the generation of 480 cu m (126.000 gal)per day of sludge 
at about 2.2 percent solds. Some of the dat reportedfrom 

the San Francisco demonstration system has ndcated floated sludge 
con¬centratons of only 1000 to 2000 The value of 2.2 percent solds forthe 

floated sudge beng used based on samples taken at the demonstratonste and 
the reported values for floated sludge at other sites usng the flotaton process 

(2). Based on the 2.2 percent solids,164 



0,600 kg/day (23.400 of soids will have to be handled anddisposed of 
from the CSO treatment site.CSO Volumes10 

NovemberDecemberJanuaryFebruaryMarchAprMayJuneJuySetemberOctober2.91 

(770)5.3 

(1402)5.95 

(573)5.03 

(1328)4.23 

(1117)2.11 

(558)1.06 

(281)0.26 
(69)0.0 

(16)0.06 

(6)0.0 
(106).5 

(383)Volume 

Treated10 

cu m 
(MG)2.38 



plant It wll be dluted in the sewer system and, then, would have to be at 
the dry-weather plant. The slude volumes would also n¬crase the hydrauc 
loadn on the gravty by 10 percent.Based on the prceeding dscussion 

bleedback of the sludge to the dr-weather plant should not be attempted 
for the followng reasons:. necessity to dute and then re-thcken 

the sods,2. introduction of the low volatile solids 
Into 

the dgesters will requre vauable space and reduce 
dgesterefftcency 

and3. the solds may pose toxc hazards to the 
dgesters.By 

elmnating 
bleed-back of the solds to the dry-weather plant, the 

sludge 

wll have to be transported by tan truck If sludge handling Is to beacheved 
at the dry-weather plant* Ths would requre truckng 77 (126,000 gal) of 

sludge per da. Snce the sludge Is aready thckened tcould go drectly to the 
vacuum fltraton process. The vacuum flter fa¬clites of course, would have 

to be expanded to handle a solds loadingincrease of 19 percent. After 
vacuum fltraton the CSO sludge cake could bedisposed of at the landfll along 

wth the dry weather sludge. The dry-weather plant now trucks approxmately 
203 cu (7260 cu ft) of sludge cakper day to the landfll* The CSO 

sludge, 
to 20 percent solds,wll Increase ths amount by 26 percent to 256 cu 

(9143 cu ft/day).Because the CSO sludge has not undergone anaerobc dgeston, 
the sludgeshould be lmed to a of greater than 12 n order to stablze 

It. Thscould be accomplshed Just before vacuum fltraton. The lming should 
In¬sure pathogen destructon before the sludge s (35).As the prevous 

discusson indcates, however the applicablity of bleedpump-back or treatment 

at addtonal facltes Is a questonable procedure,at best. 
Consdering 

the results of the total cost evaluaton presented forMilwaukee, t can 

be seen that only a small cost benefit can be acheved byImplementng these two 
questionable processes. Therefore detaed costshave been prepared only for 

the alternatves wth potential for handling CSOsludge generated In San 
Francsco 

at sx Indvdual stes throughout thecity. These costs are Included n 
Table 44 for the four ludge handlngschematcs prevouly chosen applicable for 
CSO sludge treatment. It can beseen fro Table 44 that the handling 

alternatve Involvng lme stablzaton,addtonal thickenng and land applicaton of 
the resultant sludge s antc¬pated to be most cost effectve of those 

Investgated. 
Further does not appear to be feasble.TREATMENT O CSO SLUDGES IN 

WISCONSNThe 
entre dranage area for the cty of Is 3850 ha (9507 acres). Ofthis 

total, 
539 ha (1331 acres) or 14 percent are served by combined sewers.The 

average annual precptaton for 

the 

area s 77.5 cm (30*5 n It66 







is assumed that 50 percent of ths ranfall accounts for combned sewer over¬flow, 
the annual volume of for Is 2.1 (550 In Kenosha, CSO treatment 

Is acheved at a demonstraton project by theuse of the contact stabzaton 
process and data Is avaable concernn thetreatment of CSO using ths process. For 

ths reason, the impact of CSOsludes on the city of Kenosha wll be based 
on complete CSO treatment contact stabilzaton.The combned sewer overflow 

treatment system in 
Kenosha 

Is dfferent from those discussed previously because t is located on 
the samegrounds as the existng conventonal dry weather treatment plant. In 
fact,snce the system utlies bioocal treatment It depends on the 

dry-weatherplant 
as a source of actve aste actvated sludge from the dry-weather 

treatment 
plant Is contnuously fed through the CSO treatment systemstabzaton 

tank, where It has a hydraulc retention time of approximatelyfve das before 
gong on to flotaton thckenng. When the CSO treatmentsystem Is operation, 

the contents of the stabation tank are pumped toa contact tank Instead of 
to thckening.t has been reported (12) that the Kenosha contact stablzton 

processwll produce a volume equal to 3.5 

percent of the CSO volume treated.The resultant sludge wl have an average 
total solds concentraton of 0.5percent. Other charactertcs of the sludge 

were 
prevously presented nTable 6. The sludge data Indcates that Kenosha can 

expect an annual CSOsludqe volume of 73.0x0 cu m (9 at 0.85 percent solids 
or 6.2x105 kg(1. 0° of wet weather produced solids that must be 

handled 
and dis¬posed of.The conventonal dry weather treatment plant at Kenosha 

s 3.70 cu (23 actvated sludge process. Waste-actvated sude, approxmately300 
cu 

m/day 
(83,000 at a solds concentraton of 1.47 percent or 4.5x10 (0,000 of 

solds Is flotation thckened to about 5 percentsolds concentraton before 
on to dgeston. The dgestedolds are then further by means of a flter press. 
The totaldaly loading on the dgesters, primary and waste activated sludge 

combned,Is 90 cu m/day (50,000 resultng In a dr solids weight of 1.1x10 
kgday (2.4x10 bs/day). The fiter press is operated at ess than capacityand 

would be able to handle an additonal solds load. The digesters, onthe other 
hand, are already at capacty and addtonal solids loadings wouldrequire 

construction of additonal dgeston facltes.The CSO treatment system presently 
ocated on the grounds of the Kenosha dry-weather treatment plant has a 

capacity of 75,700 cu mday (20 Theaverage flow rate durng system operation 
has been found to be 6.1x10 cu m(16 (54) Assumng complete 

CSO treatment Is acheved, ths means thatin an average year the treatment 
process will be operated 34 1/2 days. Ofcourse, some.form of storage wl 

have to be provded n conuncton wththe CSO treatment system In order to detan 
fows in excess of the 75,700 cum/day (20 MGD) plant capacity.In the Kenosha 

area, ranfall usually occurs from md-March to md-December,169 



a total of nine months, with snow being the form of precpitation during 
theother three months. Durng the perod of rain there occurs about 50 events. 

Based on these assumptons, then, CSO event can be exected to occurevery 
ffth 

day* On the average, each event wil generate 2x10 (I of CSO and require 

0.7 days of treatment process operation. This, then,allows for .3 days 
of wet weather sludge eed/pump-back to the dry-weatherplant solids handlng 

faciltes.The 2x0 cu m (11 of CSO 

per storm event wll generate 160 cu (385,000 of sludge and 2x10 kg 
(27x0 

of solds. Feeding thssludge to the dryweather plant fotation thckenng 
unit over the next .3days resuts addtonal loadns of 340 cu (0xT0 an 

Increaseof 108 percent, and 2.8x0 kg/day (6.3x10 an increase of 63 percent. a very 
sgnificant mact can be expected.The ncreased solds due to the CSO sludge wll 

also mean an Increased solidsloading to the dgesters 

of 26 percent and a hydraulic Increase of30 percent. This coud result In 
decreased digester efficency.Since the CSO treatment process is located at th 

dr-weather plant. CSOsludge handlin can be accomplished on-site. 

The two avalable alternativesare to ether hande the CSO sludge with 
separate parallel facltes or wththe existing and/or expanded dry-weather plant 

faciltes.The handling of the CSO sludge wll requre a treatment scheme smlarto 
the dry-weather plants process: thckening stabization, 

and The primary consderaton here Is that the dry-weather plant's anaerobc are 
presently operatng at capacty, therefore the use of anaerobicdigeston for the 
CSO sludge woud require dgester expansion o handle a 30percent ncrease In 

hydraulc loadng and a 26 percent Increase In soldsloadng. Ths constructon would 
be very costly.It s possble that excess sludge produced by CSO treatment 

could be stab¬lzed by lime and this process therefore a vable alternatve 
to anaero¬bc dgeston. The use of lme stablizaton 

also ndicates that gravtythckening Is most appropriate rather than flotaton 
thckenng, becausethe lme treatment wll greatly enhance the settlng 

characterstcs of thesludge.It Is therefore indcated that the CSO sludges should 
be handled by parallelprocesses at the dry-weather plant due to the 

present location of the CSOtreatment unt at ths point. Fnal dsposal of 
dry-weather 

sludge Is pre¬sently accomplished usng land applcaton, whch may be most feasible. 
How¬ever, landfill wll also be nvestgated. The same four CSO sludge 

handlingalternatves have been evaluated for the bologcal sludge from Kenosha 
andthe resuts are presented n Tabe 45. Th annua costs range from 

$205,000-$462,000 for the varous alternatves. As Indcated prevously, the mostfeasble 
approach appears to be lme stablizaton and gravty thckeningowed by land 

applcaton at an annual cost of approxmately $205,000.However, when further 
consderaton Is gven to the specfic circumstances at70 







Kenosha, other variables must be discussed. One aspect Is that the 
landapplcaton costs could be reduced since the city of Kenosha is presentlydisposn 

of ther dry-eather treatent sludge on private farm and ths arrangement 
could be contnued for the additonal sludge therewould be no capital 

expense for and dsposal In alternatves 2-4. Thesecond factor is that, as 
discussed prevously, the dr-weather plantspressure flter has avalable, 
enough addtonal capacty to handle the CSOslude the estmates In Table a 

complete handlng and dsposalsystem was set up to handle all the CSO 
sludge 

flows asumin no addtionalcapacites beng avalable In the dry-weather 
plant. 

Vacuum ftration wasselected as the method because It was fet that ths 
method wouldbe most amenable for dewaterng the heavly lmed sludge resultng 

from the stabliaton process. For the specfc case of Kenosha, nvestiatonsshould 
be conducted to determine the ablty to pressure flter the limesludge. f 

these tests show that pressure filtraton wll produce satsfac¬tor results 
then, for Kenosha the captal costs of vacuum fltraton couldbe elmnated 

from 
alternatves No. and 2.Wth these factors consdred, the annual costs for 

alternatves 1 through 4becomeOld NewAlt. 1 

$371,000 
$247,000Alt. 2 308.000 171,000At. 205,000 193.000Alt. 4 42.000 

456.900Therefore, 

since addtional dewaterng 

capacty s available, 

ths process,with land 

applcaton usng the 

exstng 
dry-weather sludge dsposal seems to be very economically attractve for 

Kenosha.WET WEATHER SLUGE HANDLING FOR NEW PROVIDENCE. NEW JERSEYIn New 

Provdence, the entre dranage area for the sewage system s 
985 

ha(2432 acres). There are no areas servced by combned 

sewers 
but durngperods of wet weather, flows are experenced because of 

InfltratonInto the santary sewers. If these hgh flows are treated New 
Providencewll 

experence increased solds producton due to wet weather condtonseven 
though there are actually no combned sewer overflows.The average annual 

precptaton for the area Is 109.0 cm (42.9 In). Ithas been reported In the 
lterature (9) that about 10 percent of ths ran¬fall can 

be 
expected to appear as Increased flow In Infltrated santarysewers. Usng 
these values, then, the annual volume of Increased flow dueto wet weather 

for the cty of New Provdence Is .1 0° (280 There Is a demonstraton 
treatment system employng the trcklng flterprocss in New Providence. The 

tricklng flters are used to treat both73 



the dry-weather fows and wet weather flows. The tricklin filters are oper¬ated 
in seres durng dr weather and swtched to parallel operaton for ghflow rates 

generated by wet weather. The trcklng flter removal effcencydata Is avalable 
but the necessary sludge producton data Is not Thereforethe sludge producton 

data requred wll be estmated based on the pollutantremoval effcences. The 
sludge estmates wll then be used to assess theImpact of wet weather 

sludges 
on the cty of New Provdence.The followng values have 

been 

reported (9) for the trckling flter process:Dry WeatherAverage Flow 2,044 

(Influent) 

(prmary effluent)SS 

(fnal 
effluent)BOD 
(prmary 

effluent)BOD 
(final 

effluent)Wet 
WeatherAverage 

Flow 14,989SS 

(Influent)SS 

(prmary 
effluent)SS 

(fnal 
effluent)BOD 

(prmary effluent)BOD 

(fna effluent)cu 

daycu mday(0.54 154 

86 mg/I20 104 mg/123 

(3.96 

MGD)109 

mg/I6 
mg/136 

mg/186 

mg/139 

mg/1Based 
on 

the 

suspended 

solds 

removals 

acheved 

by 

prmary 

sedmentaton,40 
kg/day (300 of sludge solds can be expected durng dry wetherand 

680 kg/day (500 durng wet weather. Usng a prmary sludgeconcentraton of 5.5 
percent solids ths results In a rate of (2.5 cu (670 gal/day) during 

dry weather and 12 cu m/day (3000 gal/da) duringwet weather.The producton of 
secondary sludge is based on suspended solds removal andthe producton 

of 0.5 kg(lb) 

of solds per kg(b) of BOO removed. Duringdry weather, the sludge solids 
production by secondary treatment wll be220 kg/day (80 and 770 kg/day (1700 

durng wet weather.ft has been reported that trcklng flter sludges 1 
ary from 5 to 10percent solds dependn on the tme they are held in the flter 

(25). Forths reason, It Is estmated that the secondary sludge wll be 

7 percentsolids durng dry weather (low flow) and 5 percent solds durng wet 
weather(hgh flow). These values result In the producton of 3 cu m/day 

(800gal/day) of secondary sludge durng dry weather and 15 cu m/day (4000 of 
secondary durng wet weather. Combnng the prmary andsecondary means 

the trcklng flter wll produce 6 cu m/day74 



(600 of at 6.3 percent solds dry weather and 28 (6200 of at 5.2 
percent solds durng wet weather.The wet weather value represents 0.2 percent 

of the wet weather flow voumetreated. Some of the other sudge characterstics 
based on saples takenat th trickin ilter site were ven n Tale 6 (12),For 

the annua wet weather volume of 1.1 Q cu (280 New 

Provdencecan expect an excess sludqe volume of 2.x10 cu (5.60 ga.) at 5.2 

per¬cent solids or kg (2.5x0 lb) of wet weather produced sods thatmust be 
disposed of.As mentioned prevousl, the trickln fter operation also serves the 

cityof New Provdence 

dung dry weather. Durng weather the pant treats anaverage flow of 20 cu 
m/day 

(0.5 and roduces a 6.0 cu m/day (1600gal/day) of sludge, prmary and 
secondary, at 6.3 percent solids or 350 kgday (770 of solds. There are no 

sludge handlin factes at thetrickling flter plant. The solds settlng in the 
secondary arepumped to the primary sedmentation tank where they sette out 

with the pr¬mary solds. This combined sludge s then drained to a sewer whch 
flows toa larger sewage treatment plant downstrea. Apparently the downstream 

treat¬ment plant has the capacity to remove and handle the solids produced 
at theNew Provdence faclity; and snce the New Provdence plant handles the 

entireet weathe flow, no appreciable increase in flow will occur in the 
future,Therere, the bleed/ppback of both dry weather and wet weather sludgesfrom 

the New Providence facility to the downstream plant appears to be func¬oning 
as planned and will continue to be used in the future In this case,then 

there is no impact due to wet weather conditions in the sanitary sewers.The 
Impact of the wet weather enerated solids would be great, however, ifthe 

plant 
were to construct sude handlng factes. As presented pre¬vously, during dry 

weather the trcklng flter plant can be expected togenerate 2.5 cu m/day (550 
gal.day) of prmary sludge at 5.5 percent soldsand 3 cu m/day (660 

gal.day) 
of secondary sludge at 7 percent solids,Combining the two sudges 

gives 
6 cu mday (1600 gal.day) at 6.3 percentsoids or 350 kg/day (770 of dry 

solids.Any new sludge handling facilties must take nto consderaton the 
volumesof sludge generated by wet weather. On an annual bass, wet weather 

flowswll generate a sludge volume of 2.1x10 cu m 

(5.6x10 gal.) (primar plussecondary) at approxmately 5.2 percent solids or 
kg (2.5x10 of solids. f these sludge volumes can be to the sudgehndling 

facilities over an entire year, the additional loadings would be6 cu m/day 
(600 gal.day), a 100 percent Increase over the dry weatherflow, and 300 

kg/day (660 an 86 percent ncrease over dry weather.If bleed/pumpback of 
the wet weather sludge is not acheved over the entireyear, the impacts 

of 
the sludge will be much greater. The reported dailydry weather flow is 
2x0 cu m/day (0.5 MGD) while during wet weather con¬ditions the average 

flow 
is 15x10 cu (4 This wet weather flowwill generate a sludge flow of 28 

cu m/day (7.3x10 gal.day) and 1.4x10 kgday (3.1x10 Ib/day). These flow 
rates are 492 and 406 percent, 75 



above the dally dry weather flow rate.Thus, even 

though the city of New Providence does not have a combned sewerSystem, the 
mpact of wet weather gnerated solids in the sanitary sewer-could be 

significant. If sludge handling facilities were to be constructed,the wet weather 
flows would dictate capabilities 2 to times greater thanthose that would 
be required based on the dry weather flow rates.Snce there are 

no 
available slude handlng facltes at the New Provdenceste, the same handng 

schemes were evaluated wth respect to theenerated volume of wet weather 
sludge. The cots were developed as beforeand based on a sludge volume of 36 

(9.x103 at solids concentration of 5.2 percent. Theefore the only applicable 
alternatves nvolvedhaulng the stabiized sludge drectly to a land applcton 

st or de-watering followed by landfll or land appcaton. The cost 
estimates areincluded In Table 6. It is indicated that stablization followed 

b directland applicaton of the sludge is the most cost effective approach 

for theNew Provdence sludge handlng. This alternatve provdes a sgnfcantcost 
advantage over the other methods, although it Is readily apparent 

thatany 
attempt at on-ste sludge handling is costly.ECONOMIC IMPACT OF NATIONWIDE 

HANDLING AND DSPOSAL OF TREATMENT 

SLUDGESGeneralThs 

evaluaton involved developing an approxmation of th economc impactof 

handling 

CSO treatment resduals across the country. n order to accomp¬lish ths 
task, 

the cties contaning CSO areas were statstcally evaluated.Four specifc 
areas were evaluated for two types of CSO treatment methods(dssolved ar flotation 

and contact stabilzation). The same four sludgehandling schematics as 
prevously ndcated were developed for both typesof sludges. All economc 

data was based on the same cost crtera as pre¬sented previously.Basis of 
EvaluatonThere were several aspects Involved In developng the necessary 
nformationfor 

hypothetical 
cities across 

the Unted States. The frst Involved choceof CSO areas for evaluaton. The 
next Involved establshng both the sludgevolume and characterstcs so that the 

process equpment could be properlyszed.To select the cty sze, the area 
served by combined sewerage systems ur¬ban Unted States was obtaned (75) 

and 

analyzed. 
The avalable data conss¬td of combned sewerae areas serving the ffty 

states and Washington, and more specfically Included tabulaton of the combned 
sewerage areasserving the urbanized areas (cities) of the country. 

total 
of 248 urbanizedareas were overed with the combined sewerage areas ranging 
from none toabout 205,000 acres. Of the 248 urbanized areas for which data 

was available128 of them were not served by combined sewerage systems. 
The remaining 120urbanized areas had areas served by combined sewers ranin 

from 40.5 - 83,02576 







ha (100205,000 cres). The combined sewer area data for the 12 urbanizedareas 
noted above were examined and the following concluions drawn:1. 

The 
mean combned sewer acreage served was 2309 ha (5700 acres).2. As 

mentioned prevously, the areas served by combned sewers from 40.5 - 
82,025 ha (100-205,000 acres). The follon furtherbreakdowns were 

observed:a. Ffteen ctes 

(about 12.5) had combned sewer areas servngless than 40.5 ha (1000 
acres) each. Ffty-seven (about 

47.5 
had combned sewer areasservn between 405-4050 ha (1000-0,000 

acres) each. Fort-two cites (about 35) had combned 

sewer areas servingbetween 050 and 16,200 ha (10.000 and 0.000 
acres) each. Ony sx cties (about had combned sewer areas 

greater than20,250 ha (50,000 acres) each (San Francsco, Cncnnat,OH; 
New York. St. Lous, HO; Detrot. Ml; and Chcago, From ths 

Informaton It was establshed that four example areas could 

bechosen 
and representatve costs establshed. An area n each range was usedas 

follows:a. 2.5 0405 ha (0-1000 acres) C50 area choice: 203 ha (500acres)b. 
47.5 - 

405-4050 ha (001-10.000 acres) area choc: 2307 ha(5700 acres)c. 
35% - 

4050-6,200 ha (10,001-40.000 acres) CSO area choce:10.118 ha (25.000 
acres)d. 

5 >6200a (>0.000 acres) CSO area choce: 24,300(60,000 acres)nce 
the sze of the 

affected 
area was establshed, further assumptions weremade 

regardng the 
volume 

of CSO sludge generated. Two types of CSO treat¬ment sludges were consdered 
to allow a range of costs due to varyng resduecharacteristcs* One type 

was bologcal and contact stablzaton ludgewas consdered and the second type was 
physcal/chemcal so dssolved air flotaton sludge was evaluated. The crtera 

lsted In Table 47 were then ap¬pled to establsh CSO sludge flow rates and 

characterstcs.Economc ResultsEach of the CSO areas and resultant sludges 
were 

then evaluated wth regardto the costs for utlzng one of 
the 

four sludge 

handlng 
alternatves:Aternative I. Lime Stablzaton Gravity Thckenng Vacuum 

Fltra¬ton Landfll2. Lme Stablzaton Gravty Thckenng Vacuum Fltra¬ton 

Land 
Applicaton3. Lme Stablzaton Gravty Thckenng Land Applicaton4. Lme 

Stablzaton Land 
Applcation79 



Table 7 ASSUMPTONS FOR COST CALCULATONS 

Volume1. 
50 

of ranfall is CSO2. 
Average 

rainfall s 0.91year (3/ar)3. 60 storm 
events 

occur pr yearCSO Sludge - 

Bologcal. 
3.5 of CSO 

volume 
slude volume2. Solds concentraton 

s 10,000 CSO Sludge - Physcal/Chemca1. 

0.6 of CSO volume - sludge 

volume2. Solds concentration is 27,500 

The results are presented detail for 

each of the chosen CSO areas InTables 4851. A comparison of the cost 
ranges for the city sze Is summa¬rizd In Tables 52 and 53. It can be seen 

that the cost for treatment of CSOresiduals can vary signifcantly dependng 
upon the type of CSO treatmentused, the sludge handlin schematc and the 

total 
volume of CSO to be treat¬ed. The overall annual cost ranges from 

$139/a$103/ha 
($56$660/acre)of CSO erved area. When It s recalled that there 

are 1.2x0" ha(3.0x10- acres) of area served by combned sewers 
throughout the country,th economic impact of treatng CSO sludges natonwde 

could 
range from$169,000,000 - $1.720,000,000 annual.If Intial capital costs 

are evaluated, as Indcated n Table 

53. 
this firstexpense ranges from ($l8l-20/acre) These captal costsassum an 

Intal expendture for the land whch wl be recovered when theland s sold. When 
consderng the nationwide mpact with respect to intalcaptal costs ths could 
range from $58 10° - $12.5 109 to provdesludge handling and disposal for 

all treatment resdues.80 
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TABLE 50. COST ESTIMATE FOR 25000 ACRE 
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